The rapid kinetics of [3H]inositol phosphate accumulation and turnover were examined in rat cerebralcortex slices after muscarinic-receptor stimulation. Markedly increased [3H]inositol polyphosphate concentrations were observed to precede significant stimulated accumulation of [3H]inositol monophosphate. New steady-state accumulations of several 3H-labelled products were achieved after 5-10 min of continued agonist stimulation, but were rapidly and effectively reversed by subsequent receptor blockade. The results show that muscarinic-receptor activation involves phosphoinositidase C-catalysed hydrolysis initially of polyphosphoinositides rather than of phosphatidylinositol. Furthermore, prolonged carbachol stimulation is shown not to cause receptor desensitization, but to allow persistent hydrolysis of [3H]phosphatidylinositol bisphosphate and permit sustained metabolic flux through the inositol tris-/tetrakis-phosphate pathway.
INTRODUCTION
Stimulation of a large number of cell-surface receptors promotes hydrolysis of inositol phospholipids through a G-protein-mediated activation of a specific phosphoinositidase C [1] . The initial substrate for this receptorcoupled enzyme appears to be Ptdlns(4,5)P2, cleavage of which releases the two putative second messengers, Ins(1,4,5)P3 and sn-1,2-diacylglycerol [2, 3] . This primary response to agonist is accompanied by an increased turnover of Ptdlns and Ptdlns(4)P and a stimulated accumulation of InsP1 and InsP2. These latter events may reflect a compensatory re-synthesis of Ptdlns(4,5)P2 [4] , with the lower inositol phosphates arising through InsP3 dephosphorylation. Alternatively, more than one phosphoinositide may be cleaved in response to receptor activation, with each inositol phosphate deriving, in part, from its appropriate phospholipid precursor. The situation in brain remains unclear [5, 6] , since information relating to the routes and regulation of polyphosphoinositide and inositol polyphosphate metabolism in cerebral cells is as yet limited.
Further complication to this signalling system is now recognized, in that Ins(1,4,5)P3 can be metabolized by dephosphorylation to Ins(1,4)P2 or by phosphorylation to Ins(1,3,4,5)P4, followed by successive dephosphorylation of this molecule through Ins (1, 3, 4) P3 to free inositol. Whereas the former pathway may represent an important inactivation route, phosphorylation to Ins(l 3,4,5)P4 may generate additional intracellular messengers (see [7, 8] Cerebral-cortex slices (350 ,tm x 350 ,um) were prepared from male Wistar rats (175-250 g) and preincubated in bulk in modified Krebs-Henseleit buffer as described by Brown et al. [9] . Samples (50 ,u) of gravitypacked tissue (approx. 1-2 mg of protein) were then incubated for a further 60 min in the same medium supplemented with 5 ,Ci of myo-[2-3H]inositol before exposure to stimulus. Where present, drugs were added as samples (10 ,ll) of 30-fold-concentrated solutions to give the final concentrations indicated and a total 300 ,ul volume.
Reactions were stopped by addition of 300 ,ul of icecold 1 M-trichloroacetic acid. After 10-20 min on ice, tissue was sedimented by centrifugation, and portions (500 ,ul) of supernatants from triplicate incubations were pooled (see ref. [10] [9] [10] [11] [12] [13] have demonstrated hydrolysis of (poly)phosphoinositides after stimulation of central-nervous-system neurotransmitter receptors, but have not characterized the rapid kinetics of these responses in sufficient detail to allow clear identification of the phospholipid substrate(s) for the receptor mechanisms involved. We have therefore addressed this problem, using two complementary approaches. The first of these is exemplified by Fig. 1 [10] . Thus our present and previous data together show that muscarinic-receptor activation in brain evokes an initial selective hydrolysis of polyphosphoinositide(s) rather than of Ptdlns. Fig. 1 Reactions were then either stopped (zero time) or continued for the indicated periods after addition of 10 /uM-atropine (-) their continuous synthesis and degradation (see [14, 15, 18] [16] . The accumulation of all the major isomeric components of each inositol phosphate fraction increases markedly on muscarinic-receptor stimulation under the present conditions [16] . Both the identities of these products in carbachol-stimulated brain slices and their metabolic relationships, also previously demonstrated in brokencell preparations from brain [6, 16, 19] , are compatible with and lend support to the metabolic sequence implied by the current data. However, the isomeric complexity of the lower inositol phosphate fractions also emphasizes the requirement for more detailed kinetic studies of inositol phosphate turnover than those attempted here before the metabolic pathways activated after muscarinic-receptor stimulation in brain can be conclusively defined.
In summary, the current data demonstrate that muscarinic-receptor stimulation in cerebral cortex promotes an initial, rapid phosphoinositidase C-mediated hydrolysis of polyphosphoinositides. Continued receptor activation evokes a persistent release of Ins(1,4,5)P3, metabolism of which probably proceeds by both phosphorylation to Ins(1,3,4,5)P4 and direct dephosphorylation to InsP2. Since there is a large stimulated accumulation of Ins(1,3,4,5)P4 coupled with a rapid metabolic turnover of this product, metabolism by the former route probably accounts for a substantial fraction of the continuous stimulated turnover of InsP2 and InsP1. Further, as Ins(1,3,4,5)P4 derives directly from Ins(1,4,5)P3, it is therefore suggested that muscarinic-receptor-stimulated phosphoinositide turnover in cerebral cortex is predominantly a consequence of PtdIns(4,5)P2 [and possibly Ptdlns(4)P] cleavage rather than of direct Ptdlns hydrolysis. This conclusion differs from that proposed by
